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本文选定两种有毒甲藻剧毒卡罗藻 (Karlodinium veneficum) 和米氏凯伦藻 





性引物，通过多轮 PCR 扩增获得片段，纯化克隆测序之后获得特异性的 rbcL 
序列，比对分析各个序列避开多态性区，设计获得十分特异高效的引物；结合 
















获得两株甲藻中 rbcL 基因 cDNA 的 3’端编码序列以及拟降解转录本的 rbcL 
的特征。采用实时定量 PCR (real Time-quantitative  PCR , RT-qPCR ) 技术，研
究在不同磷培养条件下以及不同温度下该基因转录水平的变化和昼夜周期变化
趋势。 
取得主要结果如下：(1) 获得包括了 3’末端的长度为 1276 bp 的剧毒卡罗藻
的核酮糖 1,5-二磷酸羧化酶/加氧酶大亚基基因 Kvrbc； (2) 获得包括了 3’末端的
长度为 919 bp 的米氏凯伦藻的核酮糖 1,5-二磷酸羧化酶/加氧酶大亚基基因 
Kmrbc； (3) 在溶解态无机磷 (dissolved inorganic phosphorus, DIP) 限制培养条
件下，两株目标藻培养液中的细胞生长得到显著抑制，然而 rbcL 基因均没有出
现下调的趋势；(4) 在磷限制条件下，两株藻的 rbcL 基因转录本的拟降解转录
本却出现了明显的上升；(5) Kvrbc 与光暗昼夜周期是有相关性的，然而在磷限
制条件下会被打破； (6) 获得了 Kvrbc 和 Kmrbc 的 3’末端结构特点，以及拟
降解转录本的 rbcL 转录本 (dT- rbcL ) 的 3’末端结构结构特点。 
 
























In recent years, the harmful algal bloom (HAB) occurred all over the world much 
more frequently than decades before, which was detrimental to the human health, 
and caused huge economic loss. Nations all over the world are paying increasing 
attention to HABs. Among the factors that are important to the growth of 
phytoplankton, nutrients are of the great importance. As human society has been 
realeasing various nutrients into the water bodies in an alarming rate, nutrients 
have become the main contributor of the frenquent occurrence of HABs. 
Therefore, understanding of the relationship between the phytoplankton and the 
nutrients will be of great help for us to control the detrimental HABs. 
 
In this research, we investigated the expression pattern of the 1,5-bisphosphate 
carboxylase gene (rbcL) under the phosphate limitation condition. The reason that 
we chose the phosphate limition condition was that the chemical compounds 
containing phosphate are widely used in the modern industry and agriculture, 
which is the main factor of the phousphate enrichment in the aquatic system, 
leading to the HAB in the river and the coastal waters. Therefore, we investigated 
the changing pattern of the rbcL expression level under phosphate limited 
condition, and the diurnal changing pattern and cell cycle. We chose to study two 
tertiary endosymbiosis replacement plastid-containing dinoflagellates, 
Karlodinium veneficum and Karenia mikimotoi because they are emerging HABs 
species in our country. 
 
To get the sequence of the rbcL in K. veneficum (Kvrbc) and K. mikimotoi 
(Kmrbc), we first designed the degenerate primers from the sequence from the 
rbcL genes of some evolutionally close species. Then, we obtained the sequence 
of Kvrbc and Kmrbc via PCR amplification on cDNA templates which were 
















transcripts are polyU ridinylated instead of polyA denylated. After that, we 
designed specific primers for the real time qPCR and the 3’- RACE, to investigate 
the changing pattern of expression and the 3’ terminal characteristics. 
 
The main results that we achieved included: (1) the 1276 bp 3’-end fragment of  
Kvrbc ; (2) the 919 bp 3’-end fragment of Kmrbc; (3) Although the growth was 
dramatically inhibited under the phosphate limited condition, the transcription of  
Kvrbc  and Kmrbc were sustained at a level similar to that in the P-repleted 
condition; (4) In the phosphate limited condition, the abundance of degrading  
Kvrbc  (which is  polyA denylated, and hence obtainable from cDNA 
synthesized using oligo dT as primer, named dT-  Kvrbc  here for convenience) 
and the Kmrbc (dT- Kmrbc) were much more than that in the control groups; (5) 
The expression of the  Kvrbc  showed a diurnal pattern, while the pattern would 
be disrupted in the P- limited condtion; (6) The characters the 3’ end of  Kvrbc  
and Kmrbc as well as dT-  Kvrbc  and dT- Kmrbc were investigated. 
 
Key words: rbcL; phosphate limited; tertiary endosymbiosis; gene transcription; 































近些年来，在全世界范围内，有害藻类水华 (HAB) 不断发生 (Andersen et 
al., 2012; Andersen & Garrison, 1996)，虽然 HAB 的发生一直都有。然而，人类
活动的影响在近些年来起着越来越重要的作用，而且随着经济水平的发展，人类




的会有生态环境的破坏、鱼群的死亡，而且 HAB 的毒素会影响到养殖业 (Li et 
al., 2015; Hallegraeff et al., 2010)，通过食物链的富集作用，最终影响到人民的身
体健康；而且 HAB 也会严重影响当地的旅游业，游客往往不愿到有 HAB 的
景区游玩。2011 年中国海洋环境状态公报表明在 2011 年我国近岸局部海域的富
营养化面积达到 7.4 万平方公里，其中重度富营养化海域占 21,860 平方公里，由
北至南包括渤海湾、江苏沿岸、长江口和珠江口等区域。据国家海洋局《2011
年中国海洋灾害公报》统计显示，仅 2011 年一年，我国全海域共发现赤潮 55 次，
累计面积 6076 平方公里，大面积赤潮主要发生在浙江、福建沿海和黄海北部海
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如 PSP，NSP 等等 (Hallegraeff et al., 2010; Hardison et al., 2013)。这些不仅影响
生态环境，也影响人类健康。而且我国属于海水养殖类大国，每年都有大量海水
养殖产品进入人类的餐桌，另外沿海地区又为我国经济发展的较发达地区，人口






较为相近 (Lidie et al., 2005)，多数为复合营养型，有的为纯异养型。报道称约有
50%的甲藻为异养型或混合营养型，通过吞噬作用进入海洋生态系统的微生物循
环中，成为浮游生物食物链的重要组成部分 (Ammerman & Azam, 1985)。大小介





et al., 2013; Bachvaroff & Place, 2008)。对甲藻的更深入的了解将有助于我们对于
更为复杂的生物过程的进一步了解，“存在即合理”，揭示出甲藻这一特殊物种产
生及发展的原因。 





前被称作 Gyrodinium estuariale， Gymnodinium galatheanum， 和 Gymnodinium 
veneficum，是一种没有甲板的有毒的自由生活的甲藻。Karlodinium veneficum 会
分泌卡罗藻毒素。对于海水养殖业、渔业等关系到人民经济生活水平和人民生命
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2010)。米氏凯伦藻 Karenia mikimotoi (Gymnodinium mikimotoi) 最早是 Braarud
和 Heimdal 在 1970 年记录的，是分布在北大西洋和西太平洋沿海的有毒甲藻之
一 (Ulrich et al., 2010; Adolf et al., 2009; Braarud & Heimdal, 1970; Wang et al., 
2011; Van Wagoner et al., 2008; Silke et al., 2005)。米氏凯伦藻所分泌的极性脂质














a 和 c 作为主要的光合色素 (Dorrell et al., 2012; Bergholtz et al., 2006)，与大部分
甲藻所含的多甲藻素作为主要光合色素有所区别。凯伦藻和卡罗藻拥有两个到八
个不规则的叶绿体，典型的叶绿体分布模式是两个叶绿体在上锥、里那个在下锥 
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